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ABSTRACT

Many shallow reefsinthe USVirgin Idands (USV ) had extensive stands of Acropora palmata (elkhorn
coral) before white band disease and hurricanes caused dramatic declinesin thelate 1970sand 1980s.
Acropora cervicornis(staghorn coral) abundance al so was reduced by stormsand disease. None of the
reefsthat has been surveyed recently inthe USV 1 hashigher coral of these speciesthanit did 25-30 years
ago. Although A. palmata coloniesappear to beincreasing in number and Size on many reefs, colonies
areusually isolated from each other and few siteshave dense areaswith high elkhorn coral cover. Sexua
recruitment has been successful at somesites. Many coloniesarein very shalow water making them
especialy vulnerableto stormsand land-based devel opment.

INTRODUCTION

Inthe 1960sand 1970s, Acropora palmata (elkhorn coral) wasthe main reef-building coral at depths of
lessthan 10 minthe USVirginIdands, growingin nearly monospecific standsonthereef crest andinthe
upper and lower forereef zones of well devel oped fringing and bank barrier reefsand onisolated patch
reefs(Fig. 1). Although elkhorn coral wasthe most abundant coral intheseareasat that time, itsdensity
varied gresetly.

Figure 1. Elkhorn coral at Buck 19and Reef National Monument, 1966.
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Acropora cervicornis (staghorn coral) was al so abundant, although not often found in dense thicketsor
well-defined zones. Acropora prolifera, actually ahybrid between the two other Acropora spp. (Vollmer
and Palumbi 2002), wasvery rare'.

IntheUSVI inthemid 1970sand 1980s, white band disease (WBD) and hurricanes caused dramatic
declinesin A. palmata (Gladfelter 1982, Rogerset al. 1982) and apparently in the other Acropora
speciesaswell. In 1961, President John Kennedy designated Buck |sland Reef National Monument, St.
Craix, inrecognition of itsremarkable elkhorn barrier reef. The significance of the cord reefsaround St.
Johnwas specifically mentioned inthe 1962 | egid ation that added the marine portionsto VirginIdands
National Park (established in 1956).

The presence of thesetwo unitsof the Nationa Park Service (NPS) and Fairleigh Dickinson University’s
West IndiesLaboratory on St. Croix led to some of the earliest research on the Acropora spp. and
associated reefs, including studies of disease (Gladfelter 1982; Daviset al. 1986); hurricane damage
(Rogerset a. 1982; Hubbard et a. 1991); physiology, calcification and growth rates (Gladfelter W. 1982;
Gladfelter E. 19833, b, c; 1984; Gladfelter and Gladfelter 1979; Gladfelter et a. 1978, 1989); nutrient
budgets (Bythell 1988, 1990); productivity (Rogersand Salesky 1979; Adey et al. 1981), relationships
with reef fish assemblages (Gladfelter and Gladfelter 1978), and spatia distribution (Anderson et a. 1986;
Beetset al. 1986; Bythell et al. 1989; Hubbard 1989).

Thisreport isacompilation of historical and recent information on Acropora spp. intheUSVirgin Idands
(St. Croix, St. Johnand St. Thomas) based on qualitative observationsand quantitative studies
investigating avariety of scientific questionsand conducted with anumber of different methodsand
approaches appropriateto the question being asked. It doesnot include all theresearch results of studies
on Acropora, but rather focuses on studiesthat document patterns of abundance and distribution, and on
some of the mechanismsthought to beresponsiblefor the observed patterns.

ST.CROIX

A substantial amount of informationisavailablefor Acropora spp. at Buck 19 and Reef National
Monument (BIRNM), located 1.2 milesnorth of St. Croix. Themost significant changeto occur at
BIRNM inthelast three decades has been the demi se of the Acropora pal mata col oniesthat formed the
shdlow portionsof thebarrier reef. Bythell et al. (1989) summarized some of the major changes between
1976 and 1988, and their summary report on datafrom 1976, 1984 and 1988 isthe basisfor much of the
following discussion (Gladfelter et al. 1977; Anderson et al. 1986). In 1976, five cross—eef transects
were established at Buck Island, 3 onthenorth (BI-3, Bl-4, BI-5) and 2 (BI-1, BI-2) on the south side
(Fig. 2). At that time, the crest of the north and south bankbarrier reefsand the northern forereef was
composed of greater than 50% live A. palmata.

Acropora pal mata was the most abundant coral on theforereef slope down to the bank at adepth of 10-
15 minthenorth and east sectionsof thereef. In the south, this specieswas dominant to depths of 3-4 m.
About 75% of thetotal livecora cover of 44% on the northern forereef dopewasA. palmata. By 1984,
when Anderson et a. (1986) surveyed thereef, the cover of A. palmata wasdramatically reduced inthe
region of transect BI-3. Intheforereef area, cover by hard coral swasreduced to 20%, although A.
palmata was still dominant (>10%). Anderson et al. (1986) reported patches of healthy elkhorn coral at
thistimewith 80% live cover but aso noted that most of theforereef had standsthat were almost
completely dead.

olImer and Palumbi (2002) present datathat demonstratethat A. proliferaisamorphologically variable,

first generation hybrid of A. palmata and A. cervicornis.
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Figure 2. Cross-reef transectsestablished at Buck Iland in 1976.

Surveysinthefal of 1988 confirmed many of thefindingsof Anderson et a. (1986), and showed additional
declinesin the Acropora spp. In 1988, live coral cover waslessthan 12% with only about 3% A. palmata
ontheforereef near transects BI-3 and Bl-4. In contrast, along transect BI-5, A. palmata comprised 72%
of thetotal cover of 27% on the upper forereef, suggesting that thisareawas|ess affected by the mass
mortality which devastated most of thereef. Thisspecieswasonly rarely seen below adepth of 3-4mon
any part of thereef.

In 1976, Acropora cervicorniswasnoted in patches on the mixed coral/gorgonian bank seaward of the
bank barrier reef and comprised 2% of thetotal coral cover of 27 %. Surveysin 1988 indicated virtual
disappearance of this specieson the north side of Buck 1dand and large reductionsin abundance on the
south side, although it comprised up to 2-3% of the coral cover in somelocalized areas off the southern reef
(Bythell et al. 1989). Acropora cervicornisisnow rarearound St.Croix, at least in shallow water.

Acropora proliferawasnot common around Buck Idand in the 1970s, athough in the lagoon off the east
end of theisland cover of this speciesreached about 60%. Bythell et al. (1989) suggested that thiswas
perhapsthe best-devel oped stand of thisspecieson St. Croix. Anderson et al. (1985) noted thickets of
mostly dead A. proliferaherein 1984. Infall 1988, cover of thisspecieswaslessthan 1% (Bythell et a.
1989) (Fig. 3).
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Figure 3. Mostly dead thicket of Acropora prolifera, north backreef lagoon Buck Idand, 1997.

Thedramatic demise of the Acropora spp. at Buck Idand inthe 1970sand 1980s can largely be attributed
towhite-band disease (WBD) which affected many Caribbean reefsduring thistime period (Rogers 1985,
Bythell and Sheppard 1993). Thediseaseleft extensive standsof these cora sintact but dead (Fig. 4).

Figure 4. Intact dead Acropora palmata stand, east end Buck |sland 1986.

White-Band Disease (WBD)

A 1973 report on Buck 1dand includeswhat isapparently thefirst referenceto acondition later labeled
“whiteband disease” by Dr. William Gladfelter. Photographsand arough drawing show thedistinctive
narrow white band separating theliving end of an elkhorn branch from the a gal-encrusted dead base
(Robinson 1973). In 1976, Gladfelter et a. (1977) found incidences of WBD at Buck Island but reported
that only afew percent of the coloniesin any areawereaffected. Impressivestandsof living elkhornwere
present at Buck Idand at thistime. Gladfelter began to measuretherate of progression of WBD on
individual coloniesand to monitor itseffect on the populationsof A. palmata on Buck Idand and Tague
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Bay Reefs(Gladfelter et al. 1977; Gladfelter 1982). Thedisease progressed at arate of about 1 to 14 mm/
day (withan average of c. 6 mm/day). Similarly, Daviset a. (1986) estimated a progression of 4-5 mm/day
for the disease based on datafrom Buck I and.

Hurricanes

Hurricaneshave also caused significant deterioration of cora reefsat Buck Iand. 1n 1979, Hurricane
David caused extensive physical damageto shallow elkhorn cora standsthere (Rogerset a. 1982). Off the
southeastern forereef, monitoring of ssorm-damaged e khorn branches showed 66% of themwere still
alivell monthsafter the storm and many of these had begun healing and initiating new branches (Rogerset
al. 1982). However, elkhorn coral recovery was hindered by white band disease which devastated this
primary reef-builder (seeabove).

In 1989, Hurricane Hugo, an exceptiona ly powerful storm, caused further destruction (Fig. 5). Thefive
cross-reef transectsestablished in 1976 werere-surveyed (Gladfelter et al. 1991). Theshallow forereef on
the south side of Buck Idand wasreduced to pavement, and the coral rubble generated wastransported up
onto thereef crest, forming araised berm 30 m landward of the crest (Hubbard et al. 1991). No Acropora
pal mata was recorded on the south reef in locationswhereit had previoudy been dominant. Onthe
eastern shallow forereef Acropora palmata cover fell from 5%t0 0.8% (Gladfelter et al. 1991) inan area
that had once supported 85% cover of thisspecies. Thenorthreef at Buck Island waslessseverely
damaged by Hurricane Hugo, but Acropora pal mata popul ationswere still reduced from approximately
1.8%to 1.0% cover ontheforereef of transect Bl-3, an areathat had previousy supported about 36%
cover of thisspecies(Gladfelter et a. 1991). These surveysclearly showed the effectsof the storm, but
most of the Acropora spp. mortality had already occurred. Interestingly, many of the A. pal mata colonies
killed by WBD remained upright, even in exposed areaslike Buck 1sland Bar to the north.

Figure5. Elkhorn cora fragmentsat Buck Idand Reef National Monument after Hurricane Hugo (1989).
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In 1988 more permanent monitoring siteswere established at Buck Iand (Bythell et a. 1992, 19934).
Although Acropora specieswere no longer adominant part of the coral community at the start of this
period, it can be seen that where they occurred there have been further reductionsin cover over the past
decade (Fig. 6), aperiod of unusually intense hurricane activity (Bythell et a. 2000a, b). Oneof thesiteson
the northern reef was established near cross-reef transect BI-5 (see above), and showsthat hurricanesand
disease have destroyed at | east some of the standsthat were still intact in 1988 (Bythell et al. 1989).
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Figure6. Reductionsin cover of Acropora palmata and A. cervicornison permanent transect monitoring
sitesat Buck I1dland over the past decade (Bythell et a. 2000a). No Acropora specieswererecorded on
thesetransectsin 2000.

Beginningin 1993, Acropora pal mata col onieswere observed in the southeast forereef in the areascraped
clean by Hurricane Hugo, although they were only aminor component (0.4%) of the coral community
recruiting tothearea(Bythell et a. 19933, 2000b). In 1995, after Hurricane Marilyn, some colonieswere
up to 1to 2 macrossbut exhibited physical damagefromthe storm. Additional colonieshaverecruited to
thisareaand appear to bein relatively good condition athough they have been affected by subsequent
stormsand snail predation. West of Buck Idand, numerous, large elkhorn colonies, somereaching2m
across, can befound (Zandy Hillis-Starr, Brendaee Phillips, perscom.).

Recent monitoring of individual elkhorn colonies and surveys of spatial distribution

In January 2000, NPS biol ogiststagged coloniesof Acropora palmata on the southeast forereef of Buck
Idand (lessthan 4 m deep). They have photographed them annually sincethen. All photographsare
captured from video takenwithaSONY DCR-V X700 Digital Handycam. Over thistwo year period, 14
colonieshave grown noticeably or remained about the sameintermsof total tissue cover, while 11 havelost
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livetissue (3 of thesehavedied). Some of these colonieshave exhibited very high rates of growth (as
observed in photographs), apparently approaching the high end of therange reported previoudy at Buck
Isand (calculated as4 to 11 cm/year in Gladfelter et al. 1978 and Rogerset al. 1982). Coralliophila snails
were present on some coloniesand actively feeding when examined in 2002 (One untagged colony inthis
areahad 57 snailsonit). Territoria damselfish were observed in photos of somecolonies. Snorkel surveys
conducted between February and August 2002 along the Buck Idland forereef, both north and south, have
shown anincreasein the number of Acropora palmata coloniesinwater 1—10 m deep. Thecolonies
rangein sizefrom severa centimeters(sexud recruits) tolarge branching coloniesover 2 mmaximum
dimension. Most sexual recruitshave devel oped branches after settling on dead A. palmata structure,
however therearea so anumber of “crusts’ that arere-sheeting (reencrusting) dead A. palmata branches.
Some of these crusts have spread into each other and have merged to cover, in oneinstance, an areaover
5mlong. Inthe backreef/lagoon entire A. pal mata patch reefsthat have been standing dead structurefor
yearsarenow coveredinliving tissue. A rough visual estimate of thedistribution of A. palmata coloniesin
the areaof the 2000 Acroporatag site (south forereef) hasrecovered since Hurricane Hugo (1989) to
maximum densitiesof 3 coloniesper m?. Themajority of these coloniesare smaller than 1 m. However,
large colonies (>1 m) haveincreased in number aswell, indicating survivorship of coloniesfirst notedin
1993 and 1995 (Z. Hillis-Starr, pers. comm.).

In August-September 2002, the distribution of A. palmata coloniesalong Buck Idand forereef was
surveyed using amodification of the method devel oped by C. Rogers, B. Devine, and Christy Loomis(see
below; Rogerset d. 2002). The coloniesweredivided into three size classes (small = 0-25 cm, medium =
26-100 cm, large>100 cmin maximum dimension), and their locationswere recorded while snorkeling
using handheld GPS units. To date an areaof approximately 41,880 m?has been surveyed and 2,238 A.
palmata colonies have been recorded (Fig. 7). Approximately 49 %, 35 %, and 16 % wereinthesmall,
medium, and large size classes, respectively (Fig. 8).

Other surveys of former elkhorn-dominated reefs around St. Croix and comparisons of
past and present coral cover

In February, March and April 2002, W. Gladfelter surveyed selected reef zonesaround St. Croix that had
been formerly dominated by A. palmata. Ninereef siteswere surveyed in March 2002 to ascertain present
cover and recent recruitment of A. palmata, and to compare current cover to cover during the 1970s-
1990s. Three study siteswere on the south shore (Robin Bay forereef; |saacsBay forereef; and | saacsBay
backreef); three on the north shore (Tague Bay, Prtzl Reef; Tague Bay forereef, Romney Point; Channel
Rock) and three off shore (eastern forereef Buck Idand; Bythell’sReef; Friday Reef). Attheeastern
forereef of Buck Idand, thestudy plot initiated in 1988 (Gladfelter 1991) wasre-visited and the position
and size (projected surface area, from photographs) of all live A. palmata colonieswererecorded. At al
sites percent cover (planar surface) of A. palmatawasrecorded. At somesitesthiswas determined from
measurementstaken from photographic belt transects (Prtzl Reef, Romney Reef, Friday Reef, Buck Idand
forereef) whileat other Sitesit was estimated from swimming several belt transects, approximately 50mx 2
m, at agiven site. At Siteswhere photographi c belt transectswere made, size frequency distributions (made
by measuring the maximum diameter of each colony) and colony density were a so determined.

105



Figure7. Distribution of A. pal mata coloniesaround BIRNM eastern forereef, September 2002.

Figure8. Digtribution by size classof A. palmata coloniesalong the south forereef at BIRNM, September
2002.
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Table 1 compares past and present percent planar cover by A. palmata. Some of the previousvaluesfor
cover wereobtained from Adey et al. (1981) who used achain transect method to determine cover of live
tissue at several south shoresites(ranging from 10to 66%) aswell asvertical relief (1.9t0 3.0). Their data
for cover weredivided by their estimatesfor relief to arrive at arough estimate of planar cover. Percent
cover inthe 1970sranged from about 7-9% on the southern forereefs, to about 33% onthelsaac’'s
backreef (estimated from Adey et al. 1981, and Gladfelter, pers. obs.). It wasabout 25-35% throughout
much of the north shore and the offshore reef area(Gladfelter, pers. obs). Maximum documented cover
was 62% on the eastern forereef of Buck |dand (datacal culated from 25 photoquadrats; Gladfelter et al.
1977), dthoughin somerelatively large areas the percent cover approached 100% (Fig. 9). Totd livetissue
cover waseven higher, of course, astherewere often severa overlappingtiersof branches, covered on
both sides. Therewasan average of 1.75 m? of live A. palmata tissue per meof reef. Thecoloniesinthis
forereef zone had extremely long branches oriented perpendicul ar to the approaching wavefronts(i.e.
paralle tothedirection of the prevailing waves). Thelargest colony measured (in 1988; Gladfelter, pers.
obs.) had alength of 7.1 m.

Table 1. A comparison between the late-1970sand 2002 of percent planar surface cover of Acropora
palmata at siteson St. Croix.

REEF NAME mid-1970s % cover 2002 % cover
Southshor e Reefs

Robin fore reef 7% <0.1%

| saac fore reef 9% <0.1%

I saac back reef 33% 0.5-1.0%
Offshore Reefs

Channel Rock estimated 35% 0.1-0.5%
Friday Reef estimated 35% 2.4%
Bythell's Reef estimated 35% 0.5%

Bl Barrier Eastern fore reef 62% 0.5-1.0%
Northshor e Reefs

Tague Bay FR (Romney) 47% 3.6%
Tague Bay (Prtzl Reef) estimated 25% 1.4%

At present (2002), no reefs can be considered A. pal mata-dominated asthey wereinthe 1970s, yet all the
surveyed sitesshow somelive A. palmata, and some show evidence of at least two successful recruitment
eventsinthe past 10-15 years. Cover on the south forereefsis<0.1%. At the other sites, the cover ranges
from 0.1t0 3.6%. Totd livecora tissuereduction hasbeen much greater than it may at first appear. For
instance, in 1977, the percent cover inthe Romney Point areawas measured as47% (Gladfelter 1982). It
isnow 3.6%, 7% of thelate 1970slevel. Yet thetotal surfaceareacf livetissueisactualy muchless
becausethe present coloniesare small, and many are primarily crusts, rather than complex three-
dimensiond colonies. Previously, many coloniesstood several metersabovethe substrate with livetissue
covering not only thetop and bottom of the branches, but also extending down to the base of the colony as
well. Thusoveral tissuereductioninthereef zonesformally dominated by Acropora palmataisamost
catastrophic, two orders of magnitude or greater.
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Figure 9. Acropora pal mata colonies on the eastern forereef of Buck ISandin 1977.

Ontheeastern forereef of Buck Idand (inthe 200 mzstudy plot; Table 2) therewasadrastic reductionin
total number of coloniesfrom 1988 (106 colonies) to 2002 (10 colonies), and areduction in total % planar
cover, from5%to 1%. 1n 1989, the sitewasre-surveyed the weekend before Hurricane Hugo arrived.
Therewere 104 col onies of which 98 remained from the 106 recorded in 1988 and six new ones
(presumably 8 werelost toWBD). 1na1990 survey several monthsafter Hurricane Hugo, only 17
colonieswereclearly recognizable as pre-Hugo, and many of these had been displaced and/or had a
reductionin surfacearea; therewere 33 coloniesinthe plot with atotal planar cover of 0.8%. 1n1991,
therewere 61 colonies intheplot, over haf of whichweresmall, recent recruits. After HurricaneMarilyn
hit St. Croix in 1995, the plot wasagain surveyed, and only 33 coloniesremained, of which only 7 were
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fromthe pre-Hugopopulation. Two other hurricanes, Georges (1998) and Lenny (1999) also hit St. Croix.
In 2002, only 4 of the pre-Hugo coloniesremained, athough each had grown. Theresultsof thisstudy
have someinteresting implicationsfor the genetic composition of any new popul ation that may develop at
thissite. Only avery few, rather small colonies of the pre-Hugo popul ation have survived. 1t wouldtake
yearsbeforethey could repopul atethissiteasexualy. Eventhough therecruitsfrom the 1990-1991
recruitment event appear to havedied at thissite, it gpparently isan area capabl e of successful recruitment.
A new population established at thisstemay well haveavery different genetic make-up fromtheorigina
population, asit will be primarily composed of sexua recruits (which may then grow, fragment, and expand
their zone). Onthreedites, Prtzl Reef, Romney Reef, and Friday Reef, some parameters of population
structure, sizefrequency and density data, were determined. Recruitment of Acropora palmata wasfirst
noticedin 1992 on Prtzl Reef, when many coloniesof approximately 10-15 cmin height were observed
(Gladfelter, pers. obs.). 1n2002, thisreef had many circular colonies, varyingin sizefrom new recruits(less
than 10 cmin diameter) to coloniesaslarge as 120 cmin diameter. Asthissiteisonly about 0.5mto1.0m
deep, it hasbeen directly impacted by the many stormsthat have affected St. Croix in the past decade.
Some of the colonieshad obviously been overturned, but had re-cemented to the substrate and new
brancheswere growing outwardsand upwards. The Romney Point section of Tague Bay forereef had the
most abundant A. palmata inthe entireforereef zone (about 2 m depth). Atitsrichest area, coral cover
was 3.6%, the highest measured anywhere during thisstudy. The coloniesranged from small cruststolarge
coloniesamost 2mindiameter. Whiletherewassomeevidence of small coloniesresulting from successful
sexua recruitment, many of the colonies appeared to be the results of fragmentation and re-cementation. At
Friday Reef, at adepth of 4.5 m, the colonieswerecircular, and al appeared to have been theresult of
successful sexud recruitment. Coral coloniesmeasured from the photoquadratsranged from small colonies
up to 150 cm in diameter, with many around 80 cm. At both Prtzl Reef and Friday Reef, the present
populationsmay beentirely derived from successful sexual recruitment. Onerecruitment episode may have
beenin 1990 (asat Buck Idland) and another about adecade | ater.

Table 2. Fate of Acropora palmata colonieson Study Plot #1 (20 mx 10 m) on the eastern forereef of
Buck Idand, including percent planar surface cover, colony density and number (no.) of remaining
pre-Hugo colonies.

YEAR % cover No. colonies/200m’ No. NOTES
pre-Hugo

1977 62%

1988 5% 106

1989 104 98 8 lost to WBD/6 added
HUGO

1990 0.8% 33 17 displaced

1991 61 1990 recruitment

MARILYN

1996 33 7 Marilyn mortality?
LENNY

2002 1% 10 3 Lenny mortaity?
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Conclusionsfor St. Croix

* Populations of A. palmata which dominated reefs on the eastern half of St. Croix (with ca. 10% upto
amost 100% planar cover, covering atotal areaof amost 10 km?) inthelate 1970s have been reduced to
< 0.1% cover in many areasto amaximum of 3.6% by 2002.

* Severa sites(onthe order of hundreds of m?) have numerousyoung, healthy A. pal mata col onies, many
of which aretheresult of morethan one successful episode of sexua recruitment.

« Barring devastation by storms (for which the species has shown remarkable adaptationsfor survival),
disease (WBD wasvery rarely observedinthiscurrent survey), or predators these popul ations appear
capableof recovery inthefuture.

* Over half of theindividua coloniesof elkhorn coral that have been monitored since January 2000 at
Buck 1dand have grown, some of them substantialy, athough some colonieshavedied.

* Recent surveysto determinethe presence and distribution of A. palmata aong Buck Idand’sbarrier reef
show dramatic signsof recovery of thespecies. Althoughtherewasavery patchy distribution of colonies,
inthe densest areasthere wasamaximum of 3 coloniesper m?.

ST. JOHN
Reefsoff St. John once dominated by Acropora pal mata have been affected greatly by white band
disease and hurricanes.

White-Band Disease

During surveysin early 1984, Beetset d. (1986) found WBD at seven sites off the northern shore of St.
John, athough it wasnot common at any location. At thetimeof their work, somestandsof liveelkhorn
werestill present on many of thereefs, but other areashad piles of storm-generated rubble and standing
dead coloniesprobably killed by WBD. Themostimpressive stand of living elkhorn wasfound aongthe
western shore of Haulover Bay off theidand’ snorth shore. Thisand other shallow reef areasare now
graveyardsof dead elkhorn coral, with branches and fragmentsinterspersed among algal covered
skeletonsstill innormal growth position.

Hurricanes

Hurricanes David (1979) and Hugo (1989) caused severe destruction onthereefsof St. John. InFish
Bay and Reef Bay, powerful wavesfrom Hurricane David smashed elkhorn coloniesand deposited the
fragmentsin rampartsontop of thereef crests(Beetset a. 1986). Eveninthe absence of major stormsor
other obviousstresses, shalow elkhornreefsare particularly vulnerable. For example, 40 of the50
elkhorn corasthat were monitored over aseven month period in 1987 in Hawksnest Bay, St. John
exhibited algal growth, tissuelossfrom corallivorous snailsand other unknown predators, bleaching, and
physical breakage (probably from boatsand northern swells) (Rogerset al. 1988).

Recent surveysof Acroporaspp.in St. John

Biologistsand Gl S-specidistsfromthe US Geologica Survey, Nationa Park Serviceand the University of
the Virgin Idands (and volunteers) are collaborating on surveysof Acropora spp. around the USVI
(primarily around St. John and St. Thomas). They have devel oped aprotocol for mapping and assessing
the condition of elkhorn coloniesbased on recording GPS waypointsfor each surveyed colony along with
dataon depth, size (estimated from 3 measurements), presence of disease and predators, percent dead,
etc. Photographsare also taken of each colony, and all dataare entered into adatabase. The GPS
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waypoints are mapped onto geo-referenced aerial photographs providing information on spatial patterns
(seeFigure 10; Rogerset al. 2002). Over time, they hopeto be ableto document if thereisanincreasein
both the number and size of the elkhorn colonies. The protocol ismoredifficult to usewhen coloniesarein
dense stands (although such stands are now found at only 2 sitesaround St. John). However, the GPS unit
can be used to delineate apolygon around the stand, and at least some of the desired data can be collected.
Recent work to date around St. John hasfocused on elkhorn, although the same protocol isbeing used to
survey A. cervicornis (staghorn).

Figure 10. Aeria photograph of Haulover Bay with GPSwaypointsindicating elkhornlocationsinthe
western portion of the bay.

Surveyshave been done around most of theidland of St. John. Figure 11 reflects datacollected from four
different visual census methods and sources; the detail ed method where GPS coordinates and data.on
colony condition arecollected onindividual coloniesand three similar rapid assessment methodsthat collect
limited dataon colony sizedistribution and abundance. Valuesin Figure 11 reflect thetotal number of
individual, discrete coloniesa ong each section of coastline, combining datafromall methods. Colonies
rangeinsizefrom several centimetersto 200 centimetersin greatest dimension. Numbersin parentheses
indicate theabundance of colonieswith detailed information. The other numbersrefer to totalsof individual
coloniescollected using rapid assessment methods. In some cases, coloniesare aggregated and in other
cases, coloniesare scattered along astretch of shoreline. Abundances are underestimatessince many areas
have not been sampled yet. Datawere collected from May 2001-August 2002.
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Preliminary analysisof dataon 279 elkhorn coloniesfrom 5 locations around St. John showsthat many of
thecorasarerdatively small (Fig. 12) and could have become established since Hurricane Hugo (1989)
and HurricaneMarilyn (1995). New sexua recruitshave definitely become established on reefsformerly
dominated by elkhorn coral. Coral-eating snailswere present on about 12% of the coloniessurveyed.
About 25% of the colonieswere partialy dead (1 to 85%). No active white-band disease was seen.

Figure 11. Distribution of elkhorn coloniesaround St. John.
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These surveysof elkhorn coral around St. John show very patchy distribution, with Hawksnest Bay and
Johnson’s Reef having the highest amount of thisspecies. At Hawksnest Bay, over 300 elkhorn colonies
aregrowing on onepatchreef. Theelkhorn cora inthisbay declinedinthelate 1980'sand early 1990's
presumably from acombination of white band disease and storm damage, although no quantitative dataare
available. A patchreef intheeastern part of thisbay hasvery few living elkhorn colonies. Runoff following
18inchesof rainina24 hour periodin April 1983 ismost likely responsiblefor killing at |east some of the
cord inthisportion of thebay (E. Gibney, pers. comm.) (Construction in thiswatershed had resultedin
deposition of largeamounts of sediment at the head of the gut that emptiesinto eastern Hawksnest).

In 1999, numerous coloniesof A. pal mata were observed growing in western Hawksnest Bay. Hurricane
Lenny in November 1999 and a January 2000 storm with extremely large swellsdestroyed some of these,
athough most coloniesremainintact. In February 2000, 149 live coloniesand 51 living fragments of
elkhorn wererecorded within an areaof 100m? on one patch reef (Rogers 2000). The cover of liveelkhorn
inthissmall reef areawasabout 30%. Thereef continuesto be susceptibleto runoff from the developed
watershed abovethe bay. Storms, disease, predators and damage from boats continue to cause elkhorn
colony mortality around St. John. In April 2002, an 85’ ferry grounded on Johnson'sReef ingde Virgin
IdandsNational Park, causing extensive damageto living elkhorn colonies. Two other boatshavehit this
reef sincethen.
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Figure12. Sizedistribution of elkhorn coloniesaround St. John. Unitsare cn® (from multiplication of
height, length and width measurements).

Acroporacervicornis

No detailed surveysof Acropora cervicornishave been donearound St. John, but general observations
document widespread, mostly isolated coloniesin depths of at least 8m. No deeper surveyshave been done
specifically to quantify the abundance of thisspeciesaround theidand. No extensive“thickets’ of this
speciesare present, except in SabaBay, off the east end of St. John. Hansen Bay, on the east end of St.
John, hasahigh density of mostly isolated colonies (over 112 coloniesin an areaof about 6,950 m? on one
patch reef (Rogers2000). Thecover of liveelkhorninthissmall reef areawas about 30%. Thereef
continuesto be susceptibleto runoff from the devel oped watershed above the bay. Storms, disease,
predatorsand damage from boats continue to cause elkhorn colony mortality around St. John. In April
2002, an 85’ ferry grounded on Johnson’'sReef insde Virgin IdandsNationa Park, causing extensive
damageto living elkhorn colonies. Two other boatshave hit thisreef sincethen). Damselfishterritoriesand
possibly white-band disease are frequently noted on staghorn corals.

Acropora prolifera
A singledense stand of this*“ species’ hasbeen videotaped in SabaBay. Thereisno development inthis

watershed, but it isnow for sale and any development of the steep upland areaswill threaten survival of
theseshallow colonies.
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ST.THOMAS

Theexistenceof large A. palmata “ ghosts’ and fragmentsof A. cervicornisindicatethat at onetimethese
specieswerethe main reef-building coralsin the near shoreareasof St. Thomasand outlying cays. These
corasapparently succumbed to white-band disease and hurricanes. Livestandsof A. palmataaswell as
dead, upright coloniescan befound just south east of Buck Idland (St. Thomas); east of Flat Cay, Hull Bay,
Botany Bay; southeast and southwest of West Cay; northeast of the point of Little St. Thomas; and south-
east and west of Black Point, Perseverance Bay and David Point (Fig. 13). Therearesmaller dead
coloniesof elkhorn aswell asliveindividua coloniesinthe deeper waters (12 m) of the spur and groove
reefsin Sprat Bay and Limestone Bay off Water I5land.

It has been reported that extensive thickets of Acropora cervicornisexisted near Buck Island at depths
up to 17m before Hurricane Marilynin 1995. Thisstorm apparently destroyed thesethickets. 1nJune
2002 only afew staghorn colonieswere seeninthisarea, and they appeared to have white-band disease.

Figure 13. The map showsareasthat have been surveyed or have been reported to have Acropora
palmata around St. Thomas as of July 2002.

Recent surveys of Acropora spp.

Using arapid assessment method, 448 elkhorn col onieswererecorded from 16 | ocationsaround St.
Thomas(Fig. 13). Of the coloniesfor which thereisinformation on condition, 63 were healthy, 131 were
“moderately” hedlthy, and 3weremostly dead. Some of themost extensiveelkhorn standsaround St.
Thomasarefound in Botany Bay whichissoonto be developed extensively.
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LONGER-TERM PATTERNS: A GEOLOGICAL PERSPECTIVE

Whilethecoral reef monitoring and research programsinthe USV I, and particularly at Buck ISand, provide
some of thelongest and most complete records of recent A. palmata history, they provide only aglimpse of
longer-term patterns. Perhapsthe greatest question with respect to the recent declinein abundance of this
(and other) speciesistherd ativeimportance of anthropogenic factorsversusnatural, cyclic change.
Jackson (1992) and others have examined Plei stocene reefsand noted azonation pattern similar to what
was seen on Modernreefsprior totheearly 1980's. It has been suggested that thisfidelity of zonation
reflects conditions 125,000 years ago that were more stabl e than those occurring today. 1tistemptingto
concludefrom thisthat the“more stable” Plel stocenereefs can be used to characterize* pre-anthropogenic
conditions’ and contrasted with the reef decline of recent decades. However, Jackson (1991) cautioned
that gpparent stability can change dramatically depending on either temporal or spatia scae. When viewed
over longer periods(i.e., timeaveraging) or acrossgreater distances, reef communitieswill appear more
stablethanthe* chaos’ that often characterizescommunity dynamicsat thequadrat level. Thus, thequestion
remains, “How do we use the recent geol ogic record asabackdrop for recent losses of Acropora?’

Figure 14. Map showing thelocation of coring transects across the northern and southern portions of Buck
Island reef. Thelocation of Buck Idand relativeto St. Croix isshownintheinset. A profileacrossBuck
Island Bar showing corelocationsisprovided below the map.
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A coringinvestigation was conducted at Buck Iland in 1989 and 1990 to document the Hol ocene
development of thereef. Seven coresweretaken along two transectsthat correspond to biological
monitoring stations (BI- 3 onthe north and BI- 2 to the south:Fig. 14). Anadditional corewasrecovered
fromBuck Iand Bar ontheexposed platform north of Buck Island.

If one comparestherelative percent cover of the main coral species(andtotal coral abundance) inthecores
to monitoring datafrom the samelocations, astriking smilarity existsbetween thetime-averaged community
structure over the past 7,000 yearsand the pre-WBD reef community. Thisisinlinewith Jackson’s
observationson Pleistocenereefsand strongly suggeststhat areef community dominated by A. palmata

has been thenorm at Buck Idand over the past seven millennia.

Itistempting to takethese observationsfurther and imply that thisspatial persistencereflectstemporal
stability of thereef community. Thissmilarity hasinfact been cited asevidencethat “theregional Acropora
kill iswithout precedent inthelate Holocene” (Aronson and Precht 2001). However, acloser examination
of thedatafrom the Buck 19 and coresand other Caribbean sitesindicate that the Situationisnot thissmple.

Early development at Buck |dland was dominated by massive corals, despite oceanographic conditions
seemingly morefavorablefor Acroporagrowth (i.e., clear, shallow water with activecirculation). This
patternisasotypica of the FloridaKeysand other shallow reefsdevel oping at thistime. Acropora

pal mata eventually took over thereef crest but again disappeared from the Buck I dand system around
3,000 yearsago. It re-established after nearly athousand year hiatus. If one comparesthispatterntothe
larger Caribbean, it appearsthat the absence of A. palmatafrom Buck Idlandispart of alarger, regional

pattern.

Figure 15 summarizesthe pattern of A. palmata occurrence based on over 120 samples (agesare either
calibrated ,,C or U/Th determinations). Starting around 6,000 Cal bp (“ calibrated years before present”),
the abundance of A. palmata samples decreasesdramatically (notethat the flattened circlesaremangrove
peat dates and not coral dates). Thiscorrespondsto thetimewhen Caribbean reefsthat onewould expect
to have been dominated by A. palmatawerenot. Again, A. palmatais not seen between 3,000 and 2,000
Ca bp. Thiscorrespondsto the shift from A. palmata to massive coralsat Buck Island.

Thewidespread occurrence of these gaps acrossthe Caribbean arguesfor aregional or global cause.
Sudden changesin sealeve or loca oceanographic conditions cannot explain the pattern. The confinement
of theevent to A. palmata and itsbroad impact are similar to the recent white-band disease outbreak.
Whilean absolutelink cannot be proven at thistime, the occurrence of widespread A. palmata | ossestwice
intherecent geol ogic past argue against such eventsbeing “ unprecedented” .

Whatever the causefor past outbreaks, anthropogeni c factors have played animportant rolein recent reef
decline and rising human exploitation of tropical coastal areas cannot continuewithout seriousnegative
repercussons. Theabovediscussionarguesfor are-examination of our newfound confidencein separating
natural from anthropogenic change. Thegeologic past providesan important long-term record against
which present-day change can be considered. However, until we address spatial and temporal scaling
problemsinherent in comparing atime-averaged record created over thousands of yearsto monitoring
records spanning at best three decades, accurately applying the ancient record will remainan elusivegoal.
Inthebalanceliesour ability to make objective and scientifically grounded management decisonsonalocd,
regiona or globd scale.
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sedleve curvesof Lighty et al (1981: solid) and Neumann (unpubl.) arealso shown. Notethegapsin

Figure 15. Plot of age and depth (relativeto present sealevel) of Caribbean A. palmata samples. The
A. palmata starting at ca. 6,000 and 3,000 Cal bp. From Hubbard et a (2000, in press).
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CONCLUSIONS

» None of thereefsthat hasrecently been surveyed hasadensity or percent cover of e khorn cora
equivalenttowhat it hadinthe past. Overall tissuereductioninthereef zonesformally dominated by
Acropora pal mata has been catastrophic, two orders of magnitudeor greater. “Graveyards’ of elkhorn,
where detached dead branches of this speciesareinterspersed among dead but standing colonies, aretill
visbleonmany reefs. However, at least at somelocationsaround all three of themagjor idands,

St. Thomas, St. Croix, and St. John, thereisevidencethat elkhorn coral isrecovering. Maximum cover of
elkhorn noted to date around St. John was 30% for asmall areaon Hawksnest Reef and 3.6% at Romney
Reef off St. Croix.

* Staghorn cora isnow relatively rarearound St. Croix but numerous, mostly isolated coloniesare
common around St. John.

» Comparisonsof previousand present val uesfor percent cover will usually underestimatethe actual
declinesin elkhorn because of the coral’scomplex morphology. Thisisbecausethepresent coloniesare
small, and many are primarily crugts, rather than complex three-dimensiona coloniesasinthe past.
Those coloniesstood severa metersabovethe substrate with livetissue covering not only thetop and
bottom of the branches, but extending down to the base of the colony aswell.

 White-band disease has been more responsiblefor mortality of the Acropora spp. than any other factorin
theUSV 1, athough the physical damage from hurricaneshasjeopardized recovery fromthisdisease. No
active WBD has been noted on elkhorn coralsaround St. John thisyear, and it was seen on only afew
coloniesaround &t. Croix. Staghorn coralsoften havefreshly killed portionsfor which the causeis
unknown. WBD appearsto beresponsiblein some cases.

* Sexua recruitment of A. palmata has been successful at many locations.

» Although the Acropora spp. can reproduce effectively through fragmentation (Highsmith 1982), the
storm-generated fragments of these speciesinthe USV 1 have not survived and grownto replacethereefs
decimated by disease and storms.

» Many of thenew cora coloniesarein very shalow water closeto shore making them especidly vulnerable
to runoff from devel opment, exposureat low tide, and storm surge. Many are exhibiting considerablelosses
tosnail predation. Itisnot clear if recovery will continue.

» Although ekhorn cora hasmany mechanismsfor recovering from phys cal damage, and fragmentscan

developinto new colonies, itisnot clear that it will be as successful at recovering from the current assault
fromthe overal, unprecedented combination of stresses (including predation and disease).
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